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(54) METHOD FOR PLASMA-CATALYTIC CONVERSION OF FUELS THAT CAN BE USED IN AN 
INTERNAL COMBUSTION ENGINE OR A GAS TURBINE INTO A SYNTHETIC GAS AND THE 
PLASMA-CATALYTIC CONVERTER USED FOR SAME 



(57) The invention relates to the method and device 
for plasmacatalytic conversion of liquid hydrocarbons, 
such as engine fuels, into a synthesis gas by employing 
a pulse-periodic pseudocorona streamer microwave 
discharge (or semi-continuous microwave discharge) in 
the presence of air, and in certain cases, water. 

The method for plasmacatalytic conversion of EF 
into synthesis gas can comprise the conversion proc- 
esses steam-air-fuel and air-fuel into the synthesis gas. 
The device comprises the heater (14), the combustion 
chamber (1), the microwave plasmacatalytic reactor - 
resonator (3) connected in succession (fig 1 ) and the 
superhigh frequency generator (12). The reactor uses 
the pulse periodic pseudocorona streamer discharge of 
superhigh frequency, that ensures the plasmacatalytic 
process for conversion of engine fuels at low tempera- 
tures; most of the thermodynamic energy required is ob- 
tained by a prior heating of the reagents, with part of the 
heat being recuperated at the synthesis gas outlet of the 
reactor. 
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Description 

Techinicai field of application 

5 [0001] The invention relates to devices for conversion of liquid liydrocarbons, for example, or otiier fuels that may 
be used In internal combustion engines or gas turbines, into a synthesis gas mainly containing hydrogen and CO, using 
a superhigh frequency (SHF) plasma, in the presence of air or oxygen and in certain cases water 
[0002] The invention can be used in the petrochemical industry, the chemical industry, mobile devices (transportation 
means equipped with Internal combustion engines, fuel cells or gas turbines), as well as in stationary systems (powier 

10 generation with electric generators, fuel cells or gas turbines) for large-scale manufacture of synthesis gas that can 
be used as a fuel for the aforementioned equipment. Use of a plasma converter on-board a transportation means in 
combination with an internal combustion engine adapted to use the mixture of synthesis gas allows to reduce emission 
of pollutants by said engine when employing petroleum-derived fuels, while at the same time increasing the efficiency 
of the engine (between 10 and 15%) and considerably enhancing engine perfonnance without a radical change in its 

15 construction, etc. 

Background of the invention 
[0003] 

20 

1 . - A device is known for conversion of hydrocarbons comprising a reactor in which a microwave discharge takes 
place, initiating the conversion process, and a catalytic block placed after the reactor in the reagent feed line, that 
accelerates the reaction of the process - US Patent US No. 5015 349, C109 15/00, published on 21.12,89. 

In this scheme the role of the discharge Is limited tc providing the system with a certain additional energy in 
25 the fonn of a characteristic energy of the plasma component, which stimulates the chemical process In the chemical 

reactor or directly In the traditional catalyser. 

2. - The method and device are known for treating chemical plasma, for the previously heated reagents (including 
the hydrocarbons) by microwave pulse discharge. The device contains the prior combustion chamber for the re- 

30 agents, at the Inlet of which amve part of the reagents, the reagent mixing chamber, the pulse microwave generator 

with certain radiation time characteristics, and the discharge chamber, which In Itself represents a short-circuit 
waveguide with a certain length. Inside which the puise microwave discharge acts on the reagents - patent WO 
9828223, C01B 3/34, published on 02.07.98. 

35 [0004] The known device has insufficient energy efficiency for the plasma process. The device is a chemical plasma 
reactor, in the construction of which the microwave radiation with given time parameters (pulse length of 2-4 micro- 
seconds and efficiency of discharge passage on the order of 1 0) forms a discharge spark with a rather high temperature. 
The ration of the discharge power to the prior heating pbvv^r is quite high. The discharge chamber Is a waveguide with 
a short-circuit system, In which regulation of the electrical field In large parameters is difficult. 

Description of the Invention 

[0005] The technical parameters of the invention are the acceleration of the conversion process for liquid hydrocar- 
bons, such as engine fuels, in the presence of air or oxygen and in certain cases water, into a synthesis gas (steam- 
45 air or air conversion) and an increased energy efficiency of the process by using the device of the invention, in which 
plasma formation - by pulse periodic, semi-continuous, pseudo-corona (streamer) microwave discharge - acts as a 
catalyst for the plasmacatalytic conversion process for engine fuels. 

[0006] The technical results of the invention arise because in the plasma catalytic conversion process of the engine 
fuels (EF) the conversion reaction occurs for the steam-hydrOcarbons-aIr that are part of the EF composition. The air 

50 Is preheated, part of the EF Is burned in the combustion chamber and the rest is mixed with the combustion products 
and with steam, or only with the combustion products, these reagents are sent to the plasmacatalytic reactor, where 
they receive the pulse microwave discharge, initiating the pseudocorona streamer pulse discharge microwave with 
certain time and energy parameters, so that as a result the formation of the plasma acts as a catalyst, accelerating the 
EF conversion process. The plasmacatalytic conversion process using the pseudocorona streamer pulse discharge 

55 microwave takes place at atmospheric pressure. Installed in the plasmacatalytic reactor is the sub-disruptive intensity 
level of the pulse microwaves electric field, with the streamer type pseudo corona microwave discharge initiating at 
the tips of the corona elements. At said tips and at the streamer heads the intensity of the microwave electric field is 
above 10 Kv/cm, forming the microwave streamers, which in less than 1 microsecond propagate as far as the reactor 
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wall, while branching out in space and filling the plasmacatalytic reactor section. The sequence of impulses of the 
microwave radiation is in the one-centimetre or decimetre band of the super-high frequency radiation (SHF) (X, S 
bands) with the following parameters: duration of 0.1-1 microseconds; efficiency of the discharge passage 100-1000; 
the pulse power level is determined so that it corresponds to the intensity of the microwave electric field in the plas- 

5 macatalytic reactor and at the heads of the.microwave streamers, above 1 00 kv/cm, and the consumption of the sum 
of reagents Q and the average value of the microwave power W are chosen under the condition that it encompasses 
. the band of values for the specific plasma energy contribution, W/Q, equivalent to 0.05-0.2 kW hour/nm^, and the value 
for the plasma energy contribution is not greater than 5-10% of the energy content of the reagents at the working 
temperature for the process. For the steam-air plasmacatalytic conversion of EF the temperatures of the reagents at 

10 the inlet of the plasmacatalytic reactor are in the bracket 800-1500 k. 

[0007] The ratio of the EF burned in the combustion chamber and the unburned fuel ranges from 0.5 to 2. 
[0008] The molar ratio (molecule/gram) of HjO (air and H2O), EF at the inlet of the plasmacatalytic reactor lie in the 
brackets 0.06-2.5 and 1 -6 respectively. For the plasmacatalytic conversion in air of EF the temperatures of the reagents 
at the plasmacatalytic reactor inlet are in the bracket 600-11 OOK. The ratio of burned to unburned EF Is between 0.4 

15 and 2. The molar ratio air/EF at the inlet of the plasmacatalytic reactor is 16-20. The plasmacatalytic converter of EF 
into synthesis gas comprises an air heater, a combustion chamber, and a plasmatron connected to the pulse (or semi- 
continuous) microwave radiation source. 

[0009] The plasmatron is designed as a plasmacatalytic chemical reactor comprising a cylindrical microwave gen- 
erator with wavetype with a pulse periodic (or semi-continuous) pseudocorona streamer discharge of microwaves 
20 in the centimetre or decimetre wavelength bands (bands X, S) working at atmospheric pressure with impulses of du- 
ration 0.1-1 microsecond and a discharge passage efficiency of 100-10. 

[0010] The combustion chamber is placed between the air heater and the plasmacatalytic reactor-resonator, along 
the gas flow line, and is fed by two separate nozzles for independent introduction of the burned EF and the remainder, 
forming a mixture with the steam in the various areas of the combustion chamber. 

25 [001 1] The system for introducing the microwave radiation from the generator to the microwave resonator is a rec- 
tangular waveguide that passes through the side wall of the resonator. The inlet system for the microwave radiation 
from the generator to the microwave resonator is a rectangular waveguide along the axis of the resonator. Located 
between the waveguide and the cylindrical resonator is the H.|.| wavetype excitation system in the resonator with the 
communication element of the resonator to the waveguide. 

30 [0012] The nozzle for introducing the reagents is in turn one of the end reflectors of the microwave resonator, and 
the outlet system for the process products is in turn the second end reflector. The reagent inlet nozzle or the outlet 
system for the process products is in turn one of the end reflectors of the microwave resonator, and the H,, wavetype 
excitation node in the cylindrical resonator is the second end reflector. 

[0013] The longitudinal axis of the waveguide is placed at a distance of several half-wavelengths in the cylindrical 
35 waveguide with the Hi-, wavetype from one of the end reflectors. The resonator diameter is calculated considering that 
the excitation in it of the H^^ wavetype and the resonator length is an integer number of half-wavelengths in the cylin- 
drical waveguide with the wavetype. The coefficient of communication of the resonator with the waveguide through 
the communication element is determined under the condition that it ensures a sub-disruptive intensity of the microwave 
electric field for a given diameter of the plasma-catalytic reactor-resonator. The set of sharp metal rods that initiate the 
40 plasmacatalytic discharge is installed in the areas of maximum intensity of the electric field in the microwave resonator. 
The location of the tip of each rod in the radius of the cylindrical resonator is chosen under the condition that at the tip 
of each rod and at the head of the microwave streamers a microwave electric field intensity is obtained greater than 
100 kv/cm. The combustion chamber has the form of two concentric ultrasonic nozzles placed along the gas flow line 
and independently connected to the inlet nozzles with a recovery thermoswitch. 

45 

Brief description of the accompanying sketches 

[0014] The invention is explained by the accompanying driawings, where figure 1 shows the constructive design of 
the plasmacatalytic converter of EF into synthesis gas, figure 2 describes the execution scheme for the plasmacatalytic 
50 converter operating in the steam-air conversion regime, figure 3 shows the execution scheme for the plasmacatalytic 
converter operating in the air conversion regime, figure 4 describes the location of the sharp metal rod in the microwave 
resonator, and figure 5 shows the characteristic structure of the plasmacatalytic pseudocorona streamer pulse dis- 
charge microwave. 

[0015] The plasma converter (see fig 1 ) comprises the combustion chamber (1 ), connected through the nozzle (2) 
56 for inlet of reagents into the reactor with the plasmacatalytic reactor, made in the form of a cylindrical resonator with a 
superhigh frequency (3) limited on the side of reagent inlet with the nozzle (2) and on the opposite side with the outlet 
system (4) for the process products, that is in the fonn of an end cap with orifices (see fig 1 ), or in the form of a nozzle 
with its narrowing along the motion of the gas, with the superhigh frequency power input system (5) and the excitation 
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system for the cylindrical resonator (3) with the communication element (6). 

[0016] The discharge begins by the corona element system, Introduced In a waveguide, with sharp rods (7) made 
of a metal with a high melting point, around which forms the streamer pseudocorona microwave discharge, forming 
the active zone (8) of the plasmacatalytic reactor. 
5 [0017] The combustion chamber is provided with the end nozzle (9) and two lateral nozzles (10) and (11) placed 
successively along the reagent flow. The combustion chamber (1) is made in the form of two concentric ultrasonic 
nozzle systems installed successively along the gas flow line and connected separately with the nozzles (10) and (11) 
for reagent Inlet. 

[001 8] The superhigh frequency inlet node (5) with the corrimunication orifice (6) is connected to the superhigh fre- 
10 quency generator (12) (see Figs. 2 and 3), and the end nbzzle (9) of the combustion chamber ( 1 ) Is connected to the 
outlet nozzle (1 3) of the heater (14). 

Detailed description and advantages of the invention 

15 [0019] The essence of the invention is the compatibility of the area of electrical discharge and the area of the chemical 
catalysis process, resulting in the plasma formation acting as a catalyst while being able to form a particular type of 
microwave discharge with the aforementioned specific time and electrodynamics characteristics. 
[0020] The plasmacatalytic process for conversion of EF into synthesis gas Ukes place in the pseudocorona streamer 
pulse-periodic (or semi-continuous) discharge of microwaves at atmospheric pressure. 

20 [0021] The necessary condition for obtaining the discharge is the short superhigh frequency pulse duration that 
excites the discharge (0.1-1 microseconds), the high efficiency of the discharge passage (100-1000), a subdisruptlve 
adjusted electrical field in the microwave resonator, an electric field above 100 kv/cm at the tip of the corona elements 
and at the heads that propagate in space between the branching microwave streamers. Such combination of param- 
eters enables the discharge process as described above, as was shown by experiments conducted with such a con- 

25 struction of plasmacatalytic properties for carrying out conversion processes of liquid fuels into synthesis gas. 

[0022] The pulse-periodic pseudocorona streamer microwave discharge at atmospheric pressure is characterised 
by a low reagent temperature, a high electric field at the streamer heads, and as a result a high average energy of the 
plasma electrons, a high unbalanced weight, a high concentration of active particles in the plasma, negative Ions, 
clasterei radicals and as a resulta high energy efficiency In the creation of the chemically active particles in the plasma; 

30 a highly efficient use of the electrical energy. In such a discharge and in the chosen regime (pulse length, efficiency of 
the discharge weight, communication coefficient of the resonator with the waveguide through the communication orifice, 
magnitude of the subdisruptlve electric field in the resonator, large enough value of the electric field at the tip of the 
corona element and at the streamer heads, specific energy contribution, temperature at the reactor inlet) the plasma- 
catalytic mechanism of the process takes place at very low temperatures. 

35 [0023] The conversion process of EF into:synthesls gas'takes place in the plasmacatalytic reactor (3) (Fig. 1 ) which 
comprises the microwave resonator with the communication element and in which the reagents, preheated in the heater 
(14) (Fig. 2,3), are subjected to treatment in the active area (8) of the plasmacatalytic reactor by a pulse-periodic 
pseudocorona streamer microwave discharge. 

[0024] The coefficient of communication of the resonator with the waveguide through the communication orifice (6) 
40 is chosen to provide a subdisruptlve field in the resonator (for the given diameter D of the resonator) and the power of 
the radiation impulse. 

[0025] The pseudocorona streamer microwave discharge Is initiated by the corona elements (Fig. 1), sharp metal 
rods. The rod tip increases the magnitude of the microwave electric field in its surroundings and thus brings about the 
pseudocorona discharge stage. The rod is aligned with the field force lines in the waveguide (Fig. 4). 
45 [0026] The position of the tip of each rod (4) (Fig. 4) Is chosen under the following conditions: a) obtaining a sufficiently 
high electric field at the rod tip (high enough to allow a branching microwave streamer propagating fast enough to 
reach the resonator wall in the Impulse time) ; and b) creating the Isotropic conditions for Initiating discharge along the 
set of corona elements along the axis of the plasmacatalytic reactor. 

[0027] The streamers of the pseudocorona discharge stage transform the microwave field into a system of plasma 
50 channels and propagate in the form of microwave streamers (Fig. 5), branching and filling the cross section of the 
reactor, and forming the pulse microwave discharge (8) (fig. 1 ). The function of the pseudocorona discharge stage is 
to generate plasma at atmospheric pressure with high average energy electrons. The function of the microwave stream- 
er stage is to create the plasma formation extended throughout space for the plasmacatalytic treatment of the reagents. 
[0028] Figure 5 shows the external characteristics of the streamer microwave discharge under which occurs the 
55 plasmacatalytic conversion process of liquid EF into synthesis gas. In this way a branched discharge structure was 
obtained with a sufficiently high microwave field intensity at the microwave streamer propagation head (above 100 kv/ 
cm). Said structure, together with the high propagation velocity of the microwave streamer head, ensures the uniform 
conversion of the initial reagents in the plasmacatalytic conversion process of liquid hydrocarbon fuels In the Impulse 
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time of the microwave radiation. 

[0029] The plasma conversion mode of EF into synthesis gas, for example for using the synthesis gas in transpor- 
tation devices as a fuel for an internal combustion engine, and the device for execution thereof, is obtained as follows: 
[0030] The preheated air is sent from the heater (14) to the combustion chamber (1). The burned part of the EF is 
5 sent to the nozzle (10) and the rest of the EF is sent to the nozzle (11) (Fig. 3) to perform the steam-air conversion 
process (fig. 3). The remaining EF is mixed with the steam. 

[0031] In the construction of the combustion chamber (1) the nozzles (10) and 811) are connected to two concentric 
ultrasound nozzle systems. Using these nozzles in the device takes the reagent mixture to a molecular level In the 
order of 10-3-1 Q-s seconds. In the space between two nozzle systems part of the fiiel Is oxidised by oxygen In the air 
10 and the energy released In this oxidation process further heats the reagents. The heated and mixed reagents enter 
the inlet nozzle (2) of the plasmacatalytic reactor (3). 

[0032] The microwave energy of the generator (1 2 through the inlet system (5) and the communication element (6) ) 
is introduced at a superhigh frequency in the resonator, which in turn is part of the plasmacatalytic reactor, in which 
the wavetype is excited and propagated along the axis of the resonator. The nozzle (2) for reagent inlet in the 

15 reactor includes a tube that narrows towards the combustion chamber, with a diameter d that is chosen so that it is the 
outer limit of the excited wave in the resonator (H^ wavetype), that is, the microwave radiation is reflected at it. The 
products of the process leave the reactor through the outlet system (4), which is in the form of an end cap with orifices 
or of a nozzle that narrows along the motion of the gas. In addition to the outlet of process products the function of the 
cap or nozzle Is to reflect the microwave radiation back tb the resonator. In both cases the reactor is a resonator for 

20 the microwave radiation. The length of the reactor (L in Fig. 1) Is chosen so that It Is an Integer multiple n of half 
wavelengths in the waveguide. In the longitudinal direction (Lg In Fig. 1 ) the rod is located at the maximum of the 
standing wave in the resonator without discharge. 

[0033] The microwave radiation source operates in the pulse-periodic (or semicontinuous) regime. The radiation 
pulse duration t^ is determined from the time required to establish both discharge stages (pseudocorona and streamer) 
25 in the specific conditions. The radiation pulse repetition period tj is chosen from an optimal combination of the following 
values; a) lifetime of the active particles generated by the plasma in the passive discharge stage after the superhigh 
frequency radiation pulse stops; b) the linear velocity of the reagents as they pass through the discharge area; and c) 
the power supplied to the discharge: 




Where Jpiasma is the plasma power contribution, W = Wpulse* ti/tj = average power of the microwave radiation, Wpulse 
= pulse power; 1 = volumetric consumption of reagents. 
35 [0034] The microwave radiation pulse power, Wpulse, determines the plasma energy supplied, Jpiasma. The ratio 
of plasma energy supplied to heat energy supplied Is small - Jplasma:Jheat on the order of 5-10%. In addition, the 
pulse power depends on the magnitude of the electric field in the round waveguide without plasma, which must have 
a predetermined value and at the same time be high enough to Initiate the pseudocorona discharge stage at the corona 
element. 

40 [0035] The plasmacatalytic conversion of EF Into synthesis gas can operate In the steam-air conversion or air proc- 
esses for conversion of EF into synthesis gas. 

Steam-air conversion regime of EF into syntiiesis gas {fijg. 2) for given amounts of fuel (x) and oxygen (y) 
45 [0036] 

XCmHn + yOj + 3,73 y nj + (mx-2y) HgO = mxCO + 0.5 (nx + 2m- 
so 4y)H2 + 3.73yN2 

[0037] Air is sent to the heater (14), engine fuel is sent to the inlets of the lateral nozzles (10) and (11) of the com- 
bustion chamber in ratios of 0.5 to 2. The steam mixed with the remaining part of the EF is sent to the inlet of nozzle 
(11). The EF and the water can be sent to the combustion chamber as vapour or as liquid. The temperature at the 
55 heater outlet is 500-600 K, and at the reactor Inlet after mixing the steam-air mixture and the fuel It is 800-1 500 K. The 
temperature at the end of the reaction Is 50Q-800 K. The molar ratios of steam/air and steam/fuel vary between 0.06-2.5 
and 1-6 respectively. 

[0038] The transformation scale «a» of reagents Into synthesis gas depends on the energy contribution Jsum to the 
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system. As well as on the molar part of air "g" in relation to the amount of fuel. The main quantitative properties of the 
process are shown in the following table: 





Jsum, KJ/Kg 




25 


7300 


100 


25 


3400 


65 


42 


4500 


100 


42 


1500 


64 


64 


1500 


100 


64 


850 


95 



15 Air conversion regime of EF into synthesis gas (fig. 2): 
[0039] 



20 CmH + m/2 (Og + 79/21 Ng) = mCO + n/2H2 + m/2* 79/21 Ng 

[0040] Air is sent to the heater and the EF is sent to the inlets (1 0) and (1 1 ) of the combustion chamber, in a ratio of 
0,5 to 2. The EF can be sent to the combustion chamber as a vapour or as a liquid. The molar ratio of air/engine fuels 
at the reactor inlet is 1 6-20. The air temperature required to carry out the EF conversion process at the heater outlet 
25 is between 700-1 ,200K, and the temperature at the reactor inlet after mixing the air with the fuel is 600-1 , 1 00 K. To 
ensure the working temperature of the process the energy contribution must be between 500-1 ,000 KJ/l<g (without 
heat recovery). The reagent transfomiation scale reaches 100%. The temperature of the synthesis gas at the reactor 
outlet Is between 1 ,300-1 ,900 K. 



Ciaims 

1. Method for conversion of engine fuels (EF) into synthesis gas, wherein tal<es place the steam-air or air conversion 
reaction with hydrocarbons that may be used as EF, wherein the air is preheated, a part of the EF is burned in the 

35 combustion chamber and the rest is mixed with the combustion products and steam or is mixed only with the 

combustion products, characterised in that the reagents are sent to the plasmacatalytic reactor, to which is also 
sent a pulse (or semlcontinuous) microwave discharge, with the pulse-periodic pseudocorona streamer microwave 
discharge initiated with given energy and temperature parameters, where the plasma formation acts as a catalyst 
in the reactor to accelerate the conversion process at atmospheric pressure. 

2. Method according to claim 1, characterised in that the plasmacatalytic conversion process is achieved by the 
pulse-periodic pseudocorona streamer microwave discharge (or semlcontinuous discharge) at atmospheric pres- 
sure. 

45 3. Method according to claim 1, characterised in that in the plasmacatalytic reactor a subdisruptive intensity is 
attained of the pulse microwave electric field, with the streamer pseudocorona microwave discharge being initiated 
at the tips of the corona elements, and because of the above at these tips and at the heads of the microwave 
streamers a microwave a microwave electric field intensity is established greater than 100 kv/cm, fomied by the 
microwave streamers, which in les than 1 microsecond propagate to the reactor wall while simultaneously branch- 
so ing out in space and filling the cross section of the plasmacatalytic chemical reactor. 

4. Method according to claims 1-3, characterised in that the pulse sequence of the microwave radiation is in the 
centimetre or decimetre band of superhigh frequency (X;:S bands) with the following parameters: pulse duration 
0.1-1 microseconds; passage efficiency of the dischargig 100-1000; the pulse power level is determined by the 
S5 condition that the intensity of the microwave electric field at the plasmacatalytic reactor and at the heads of the 

microwave streamers be above 100 kv/cm, and the consumption of the sum of reagents Q and the average value 
of the microwave power W is established under the condition that they correspond to a bracket of val ues of specific 
plasma energy contribution QA/V of 0.05-0.2 kvt*h6ur/nm3, with the plasma energy contribution not exceeding 



6 



EP1 392 087A1 



5-1 0% of the energy content of the reagents at the working temperature for the process. 

5. Method according to claims 1-4, characterised in that in order to carry out the steam-air-EF plasmacatalytic 
conversion the temperature of the reagents at the plasmacatalytic reactor inlet are within 800-1 ,500K. 

5 

6. Method according to claims 1 -5, characterised in that the ratio of the EF burned in the combustion chamber and 
the unburned EF ranges from 0.5 to 2. 

7. Method according to claims 1 -6 characterised in that the molar ratios H20/air H2O/EF at the inlet of the plasma- 
10 catalytic reactor are within 0.06-2.5 and 1-6 respectively. 

8. Method according to claims 1 -4 characterised in that in order to cany out the air EF plasmacatalytic conversion 
process the temperature of the reagents at the inlet Of the plasmacatalytic reactor must be within 600- 11 00 K. 

IS 9. Method according to claims 1-4,8 characterised in that the ratio of the burned EF and the unburned EF ranges 
from 0.5 to 2. 

10. Method according to claims 1-4, 8, 9 characterised in that the molar ratio airto EF at the inlet of the plasmacatalytic 
reactor is within 16-20. 

20 

11. Plasmacatalytic converter of EF into synthesis gas comprising an air heater, a combustlort chamber, and a plas- 
matron connected to the source of microwave radiation, characterised in that the plasmatron has the form of a 
plasmacatalytic chemical reactor containing a cylindrical microwave resonator for the H-^-^, with the pulse-periodic 
pseudocorona streamer microwave discharge in the centimetre or decimetre wavelength (X, S bands) at atmos- 

25 pheric pressure, with pulse duration of 0.1-1 microsecond and a discharge passage efficiency of 100-10 and with 

the combustion chamber installed between the air hater and the plasmacatalytic reactor - resonator, along the gas 
flow line, and is provided with two separate nozzles for independent inlet of the burned part of EF and the unburned 
part in the mixture with steam at different areas of the combustion chamber. 

30 > 12. Plasmacatalytic converter according to claim 11 characterised in that the system for introducing the microwave 
radiation from the generator to the microwave resonator is in the forni of a rectangular waveguide through the side 
wall of the resonator. 

13. Plasmacatalytic converter according to claim 11 characterised in that the system for introducing the microwave 
35 radiation from the generator to the microwave resonator is in the fomi of a rectangular waveguide along the axis 

of the resonator. 

14. Plasmacatalytic converter according to'claims 11-13-ch^riacterised in that between the rectangular waveguide 
and the cylindrical resonator is placed tfie excitation sy^em in the resonator for the H.,^ wavetype with the com- 

40 munication element for the resonator to the waveguide. 

15. Plasmacatalytic converter according to claims 11,12 characterised in that the reagent inlet nozzle is in turn one 
of the end reflectors of the microwave resonator and the outlet system for the process products is the second end 

reflector. 

1 6. Plasmacatalytic converter according to claims 11,13 characterised in that the reagent inlet nozzle or the outlet 
system for the process products is also one of the end reflectors of the microwave resonator, and the second end 
reflector is the excitation system of the H^^ wavetype in the cylindrical. 

50 17. Plasmacatalytic converter according to claims 11, 12 characterised in that longitudinal axis of the rectangular 
waveguide is at a distance which is several half-wavelengths of the radiation in the cylindrical resonator and is 
selected with the condition that the H.,., wavetype is excited, while the resonator length L is an integer multiple of 
radiation half-wavelengths in the cylindrical waveguide with the wavetype H^^. 

56 18. Plasmacatalytic catalyst according to claims 11 , 14 characterised in that the connection coefficient of the reso- 
nator to the waveguide through the communication element is determined with the condition that it ensures a 
subdisruptive level of the microwave electric field intensity for the given diameter of the plasmacatalytic reactor- 
resonator. 
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19. Plasmacatalytic converter according to claims 11,18 characterised in tliat the set of sharp metal rods that form 
the corona elements that initiate the discharge is Installed in the areas L2 of maximum electric field intensity in the 
microwave resonator. 

20. Plasmacatalytic converter according to claims 11, 19 characterised in that the position (14)of thetipof each rod 
in the radius of the cylindrical resonator Is chosen with the condition that an electric field intensity be obtained at 
the tip of each rod and at the heads of the microwave streamers above 100 l<v/cm. 

21. Plasmacatalytic converter according to claim 11 characterised in that the combustion chamber is made in the 
form of two concentric supersonic nozzle systems installed successively along the gas flow line and independently 
connected to the reagent inlet nozzles. 

22. Plasmacatalytic converter according to claim 11 characterised in that the heater Is in the form of a recuperative 

thermoswitch. 



Amended claims in accordance with Ruie 86(2) EPC. 

1. Method for conversion of motor fuels (MF) into synthetic gas, in which the vapour-air conversion reactions of 
the hydrocarbons that make up the composition of the motor fuel tal<e place, using the microwave pulse discharge; 
wherin the air is preheated, a part of the motor fuel is burned in the combustion chamber and the rest is mixed 
with the combustion products and water vapour, or is mixed only with the combustion products; characterised in 
that the reagents are sent to the plasmacatalytic reactor, in which the streamer pseudo-corona microwave periodic- 
pulse discharge is initiated, with given time and energy palfameters, in which the plasma formation acts as a catalyst 
accelerating the motor fuel conversion process. 

2. Method according to claim 1 , characterised in ttiat the plasmacatalytic conversion process is achieved by the 
pulse-periodic pseudocorona streamer microwave discharge (or semicontinuous discharge) at atmospheric pres- 
sure. 

3. Method according to claim 1 , characterised in that in the plasmacatalytic reactor a subdisruptive intensity is 
attained of the pulse microwave electric field, with the streamer pseudocorona microwave discharge being initiated 
at the tips of the corona elements, and because of the above at these tips and at the heads of the microwave 
streamers a microwave a microwave electric field intensity is established greater than 100 l<v/cm, formed by the 
microwave streamers, which in les than 1 microsecond ;propagate to the reactor wall while simultaneously branch- 
ing out in space and filling the cross section of the plasmacatalytic chemical reactor. 

4. Method according to claims 1-3, characterised in that the pulse sequence of the microwave radiation is in the 
centimetre or decimetre band of superhigh frequency (X, S bands) with the following parameters: pulse duration 
0.1-1 microseconds; passage efficiency of the discharge 100-1000; the pulse power level is detennined by the 
condition that the intensity of the microwave electric field at the plasmacatalytic reactor and at the heads of the 
microwave streamers be above 100 kv/cm, and the consumption of the sum of reagents Q and the average value 
of the microwave power W is established under the condition that they correspond to a bracket of values of specific 
plasma energy contribution QM of 0.05-0.2 kvt*hour/nm3, with the plasma energy contribution not exceeding 
5-10% of the energy content of the reagents at the working temperature for the process. 

5. Method according to claims 1-4, characterised in that in order to carry out the steam-air-EF plasmacatalytic 
conversion the temperature of the reagents at the plaSntacatalytic reactor inlet are within 800-1 ,500K. 

8. Method according to claims 1-5, characterised in that the ratio of the EF burned in the combustion chamber 
and the unburned EF ranges from 0.5 to 2. 

7. Method according to claims 1-6 characterised in that the molar ratios H20/air HgO/EF at the inlet of the plas- 
macatalytic reactor are within 0.06-2.5 and 1-6 respectively. 



8. Method according to claims 1 -4 characterised in that in order to carry out the air EF plasmacatalytic conversion 
process the temperature of the reagents at the inlet of the plasmacatalytic reactor must be within 600- 11 00 K. 
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9. Method according to claims 1-4,8 characterised in tliatthe ratio of the burned EF and the unburned EF ranges 
from 0.5 to 2. 

10. IVIethod according to claims 1-4, 8, 9 characterised in that the molar ratio air to EFattheinletof theplasma- 
5 catalytic reactor is within 16-20. 

11. Plasmacatalytic converter of EF into synthesis gas comprising an air heater, a combustion chamber, and a 
piasmatron connected to the source of microwave radiation, characterised in that the plasmatron has the form 
of a plasmacatalytic chemical reactor containing a cylindrical microwave resonator for the i-l.|^, with the pulse- 

10 periodic pseudocorona streamer microwave discharge in the centimetre or decimetre wavelength (X, S bands) at 

atmospheric pressure, with pulse duration of 0.1-1 microsecond and a discharge passage efficiency of 100-10 and 
with the combustion chamber installed between the air hater and the plasmacatalytic reactor - resonator, along 
the gas flow line, and is provided with two separate nozzles for independent inlet of the burned part of EF and the 
unburned part in the mixture with steam at different areas of the combustion chamber. 

15 

12. Plasmacatalytic converter according to claim 11 characterised in that the system for introducing the micro- 
wave radiation from the generator to the microwave resonator is in the form of a rectangular waveguide through 
the side wail of the resonator. 

20 13. Plasmacatalytic converter according to claim 11 characterised in that the system for introducing the micro- 

wave radiation from the generator to the microwave resonator is in the form of a rectangular waveguide along the 
axis of the resonator. 

1 4. Plasmacatalytic converter according to claims 11-13 characterised in that between the rectangular waveguide 
25 and the cylindrical resonator is placed the excitation system in the resonator for the H^., wavetype with the com- 
munication element for the resonator to the waveguide. 

15. Plasmacatalytic converter according to claims 11,12 characterised in that the reagent Inlet nozzle is in turn 
one of the end reflectors of the microwave resonator and the outlet system for the process products Is the second 

30 end reflector. 

16. Plasmacatalytic converter according to claims 11,' 13 characterised in that the reagent inlet nozzle or the 
outlet system for the process products is also one of the end reflectors of the microwave resonator, and the second 
end reflector is the excitation system of the H■^■^ wavetype in the cylindrical. 

35 

17. Plasmacatalytic converter according to claims 11,12 characterised in that longitudinal axis of the rectangular 
waveguide is at a distance which is several half-wavelengths of the radiation in the cylindrical resonator and Is 
selected with the condition that the H^^ wavetype is excited, while the resonator length L is an integer multiple of 
radiation half-wavelengths in the cylindrical waveguide with the wavetype H.,.,. 

40 

18. Plasmacatalytic catalyst according to claims 11,14 characterised in that the connection coefficient of the 
resonator to the waveguide through the communication element is detemiined with the condition that it ensures a 
subdisruptive level of the microwave electric field intensity for the given diameter of the plasmacatalytic reactor- 
resonator. 

45 

19. Plasmacatalytic converter according to claims 11,18 characterised in that the set of sharp metal rod? that 
form the corona elements that initiate the discharge is installed in the areas L2 of maximum electric field intensity 
in the microwave resonator. 

50 20. Plasmacatalytic converter according to claims 11,19 characterised in that the position (14) of the tip of each 

rod in the radius of the cylindrical resonator is chosen with the condition that an electric field intensity be obtained 
at the tip of each rod and at the heads of the microwave streamers above 1 00 kv/cm. 

21. Plasmacatalytic converter according to claim 11 characterised in that the combustion chamber is made in 
55 the fbnm of two concentric supersonic nozzle systems Installed successively along the gas flow line and independ- 
ently connected to the reagent inlet nozzles. 

22. Plasmacatalytic converter according to claim 1 1 characterised in that the heater is in the form of a recuperative 



9 



thermoswitch. 
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